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Abstract 

The relative length of the second and fourth fingers(2D:4D ratio) is a putative biomarker for prenatal testos-

terone. Low 2D:4D has been known to correlate with morphological, physiological, psychological, and high levels 

of athletic performance and physical fitness. In this study, it was examined the relationship between the 2D:4D 

ratio and two important exercise-related fitness components(speed and power) in nonathlete young adults. A 

total of 108 healthy recreationally active university students(73 male and 35 female, aged 18-20 years) were 

participated in this study. Body weight and height were measured, and body mass index(BMI) was calculated. 

The lengths of the second and fourth fingers of the right and left hands were measured, and the 2D:4D ratios 

were calculated. The difference of the digit ratio between the right and left hands(Dr-l) was also calculated. Speed 

and power performance were assessed by measuring 100-meter sprint record and handball throwing distance, 

respectively. Independent t-test was performed to analyze differences between males and females about all var-

iables of physical(height, weight, BMI) and anthropometric(lengths of 2D, 4D, and 2D:4D ratio of both hands, 

and Dr-l) characteristics. The association between physical and anthropometric characteristics and the speed and 

power-related performance in each sex(male: speed, power, female: speed only) was determined by the Pearson 

correlation coefficient. Statistical significance was set at P < 0.05. As the main findings of this study, the lengths 

of the 2D and 4D of males were significantly longer than those of females(P < .001), while male digit ratios in 

both hands were significantly lower than females(P < .01). There was no significant sex difference in Dr-l. In males, 

significant positive correlations were observed between the handball throwing distances and the body weight(P 

< .05) and BMI(P < .01). In females, there was a significant negative correlation between the length of the fourth 

digit and 100-meter sprint record(P < .05). However, the 2D:4D ratio was not correlated with the speed and 

power performance in males and females. These results suggest that the 2D:4D ratio is not a major parameter 

in predicting exercise potential in the nonathlete young adult, and more research is needed that focuses on other 

factors that can affect exercise potential in the population that is similarly affected by prenatal sex hormones. 

[Keywords] Kinesiology, Finger Length, Digit Ratio, Prenatal Testosterone, Sport Performance

1. Introduction 

Digit ratio is the relative length of the index finger(the second digit, 2D) and the ring fin-
ger(the fourth digit, 4D), and in general, 2D:4D ratio for males tends to be lower than for fe-
males[1]. It has been known that this digit ratio(or 2D:4D) is influenced by prenatal sex hor-
mones as early as the end of the first trimester, and high prenatal androgens, low prenatal 
estrogens, or both have been identified as a possible stimulant of a low 2D:4D  ratio[2][3]. The 
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changes of digit ratio influenced by prenatal sex hormones are controlled through Homeo-
box(Hox) genes which are responsible for controlling the development of musculoskeletal, neu-
rological, and gonadal tissue[4]. As such, the 2D:4D ratio not only indicates the hormonal milieu 
at the time of development, but can also provide information which has implications for inter-
preting human behavior and disease. Therefore, there is also important meaning in terms of 
kinesiology and training related aspects. 

Because of the relationships of the 2D:4D ratio with prenatal testosterone concentrations 
and musculoskeletal development, it was suggested that a low 2D:4D ratio is associated with 
greater performance in various sports and physical fitness[5][6][7]. Bernet et al.(2010) exam-
ined the relationship between the 2D:4D ratio and performance in elite rugby players, and they 
found high rugby performance correlated with low right hand 2D:4D ratio[8]. Tomkinson and 
Tomkinson(2017) reported a negative correlation between muscular strength and the 2D:4D 
ratio in adolescent boys[9]. In relation to the relationship between the digit ratio and the health-
related physical fitness components, the digit ratio was shown to have a particularly strong 
correlation with cardiopulmonary endurance[10][11][12]. 

In addition, in a study of Mofftt and Swanik(2011), they reported that the 2D:4D ratio of 
athletes in football and gymnastics, which requires high levels of physical skills, was significantly 
lower than that of crew(endurance athletes) players and nonathlete[13]. Kociuba et al.(2017) 
found that the 2D:4D ratio of participants in high-risk sports such as judo or boxing was signifi-
cantly lower compared to that of aerobic exercise group[14]. Also, according to two different 
studies of Kilduff et al.(2013a, 2013b), the lower the 2D:4D ratio, the higher the sudden increase 
in testosterone induced by exercise or by an aggressive video watching were examined[15][16]. 
The results of these studies indicate that the digit ratio is related not only to physical skills but 
also to sports interest and motivation. 

On the other hand, speed is defined as the magnitude of change in the position of an object 
between two different points. Power is physically defined as the amount of work accomplished 
per unit of time, and it is also defined as maximal muscle force exerted by the instantaneous 
contraction of muscle fibers in exercise physiology aspect. As speed and power are physical 
fitness components included in the exercise-related physical fitness, these two factors are one 
of the most important factors that determine how far the shot travels in shot put or how fast 
someone runs 100-meter sprint[37][38][39]. As mentioned above, the relationship between 
health-related fitness such as muscle strength and cardiovascular endurance and the 2D:4D ra-
tio has been studied a lot, but the research about the relationship between exercise -related 
fitness factors and the 2D:4D ratio is relatively scarce. 

With this purpose, this research examined the relationships between the digit ratio and the 
speed and power performance measured by 100-meter sprint record and by handball throwing 
distance from male and female university students, respectively. 

 

2. Method 

2.1. Subjects 

A total of 108 healthy men and women(men=73, women = 35) aged 18 to 20 years old were 
participated in this study. All participants were habitually active in various sports activities. The 
description of the study’s purpose, procedures, and risks was provided prior to participating in 
this study. This study was conducted in compliance with the guidelines related to research eth-
ics. 

2.2. Experimental procedures 
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Subjects’ height was measured to the  nearest 0.1 cm using portable stadiometer(Donghwa 
Science, Korea), which consisted of an anthropometer with a simple headboard. Body weight 
was measured using Inbody 502(Inbody, Korea) on the barefoot, wearing minimal clothing(T-
shirt and trousers). Using the measured height and body weight values, BMI was calculated as 
weight(kg) divided by height(m) squared.  

Finger lengths were measured according to the measurement method described by Manning 
et al.(1998), and second and forth digits on both left and right hands were measured[1]. The 
subjects were asked to remove finger ornaments and to keep their hands supine on a flat table 
surface with the palm facing up and their fingers straight in the same plane. Length of each digit 
was taken on the ventral aspect of hand from the tip of the finger to the center of the digit 
crease proximal to the palm. Finger lengths were measured to the nearest 0.01 mm using elec-
tronic digital caliper(Wanhanda, China). Length of each finger was measured twice in the same 
manner, and the average value was used for a statistical analysis. 2D:4D ratio was calculated by 
dividing the length of the second finger by that of the fourth. Manning et.al.(1998) reported 
that right 2D:4D ratio showed stronger relationship with testosterone, estrogen, and sperm 
numbers then did left 2D:4D ratio[1]. It was also reported that right 2D:4D ratio is more sensi-
tive to testosterone/estrogen ratio in the fetus then that of left[17]. Thus, the difference be-
tween right 2D:4D and left 2D:4D(Dr-l) has been suggested as an additional indicator for the 
effect of sex hormones. In this study, Dr-l was also calculated and used to analyze correlations 
with exercise-related fitness components. 

Speed was measured by 100-meter sprint. Subjects performed 100-meter sprint on an out-
door urethane track, and they were asked to run when the wind was as low as possible to min-
imize the effect of wind. The record of 100-meter sprint was taken to nearest 0.01 second using 
a laser measuring system(KL sports industry, Korea) that can automatically measure the record 
through laser sensors installed at the starting and finish lines. Whole body muscle power was 
measured by handball throwing performance. Handball throwing performance was measured 
using an international official handball(molten, Japan) with a ball circumference of 58~60 cm 
and a weight of 425 to 475 g. Subjects took their throw a handball into the legal sector(30°) of 
the throwing area from inside a marked circle 2-meter in diameter with a stopboard about 10 
cm high at the front of the circle. The distance thrown was measured to nearest 0.1 m from the 
inside of the circumference of the circle to the nearest mark made on the ground by the falling 
handball using an open reel measuring tape(Colorton measuring tape, Taiwan). 

 2.3. Statistical analysis 

All statistical analyses were analyzed using SPSS version 25.0(IBM, U.S.A), and all data are 
expressed as mean ± standard deviation(SD). The differences between men and women for the 
finger lengths, 2D:4D ratios of left and right hands, and Dr-l were analyzed using independent-
sample t-test. The relationships between the exercise-related fitness components and height, 
weight, BMI, Dr-l, and the lengths of second and fourth digits, the 2D:4D ratios of both left and 
right hands were analyzed in each sex by calculating the Pearson correlation coefficients. For 
all analyses, statistical significance was accepted at P < 0.05.  

 

3. Results 

3.1. Sex differences in physical and anthropometric characteristics 

The subjects’ physical and anthropometric characteristics of this study by gender are shown 
in <Table 1>. Finger length measured from the first measurement was strongly correlated with 
those measured from the second measurement for the individual subject(left hand 2D: r = 0.991, 
P < 0.001, left hand 4D: r = 0.996, P < 0.001, right hand 2D: r = 0.996, P < 0.001, right hand 4D: 
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r = 0.995, P < 0.001). There was strong significant correlation between the 2D:4D ratios cal-
culated from the first and second measurement of digit lengths(left hand: r = 0.949, P < 0.001, 
right hand: r = 0.957, P < 0.001). The means of left and right hand 2D:4D ratios were also 
significantly correlated in both gender(male: r = 0.812, P < 0.001, female: r = 0.861, P < 0.001). 
These associations mean that there was high test-retest reliability in this data. 

In the comparison of the basic components of physical characteristics, men’s height, weight, 
and BMI were significantly higher than those of females. In the comparison of anthropometric 
characteristics, the lengths of the second and fourth digits on both hands were significantly 
longer in males than in females. On the other hand, the digit ratios of left and right hands 
were significantly lower in males. There was no significant difference in the Dr-l between 
males and females. 

Table 1. The differences in physical and anthropometric characteristics between males and females. 

Variables Men(n=73) Women(n=35) 

Age(yrs) 19.07± 0.77 18.86± 0.49 

Height(cm) 175.66± 4.58 161.66± 5.06** 

Weight(kg) 71.58± 7.41 55.98± 6.38** 

BMI(kg/m2) 23.21± 2.34 21.40± 2.02** 

L2D(mm) 72.37± 3.16 66.28± 3.60** 

L4D(mm) 75.81± 3.18 68.26± 4.01** 

L2D:4D 0.95± 0.03 0.97± 0.03* 

R2D(mm) 72.43± 3.15 66.30± 3.75** 

R4D(mm) 75.53± 3.19 68.26± 3.95** 

R2D:4D 0.96± 0.03 0.97± 0.03* 

Dr-l 0.0044± 0.0163 0.0000± 0.0151 

Note: Values are presented as mean ± SD. BMI: Body Mass Index., L2D: Left hand second digit, L4D: Left hand fourth digit, L2D:4D: Ratio of left hand second and 

fourth digit, R2D: Right hand second digit, R4D: Right hand fourth digit, R2D:4D: Ratio of right hand second and fourth digit, Dr-l: Difference between right 

2D:4D and left 2D:4D. *p<.01, **p<.001. 

3.2. Correlations between physical and anthropometric characteristics and physical perfor-
mance in males and females 

The correlations between physical and anthropometric characteristics and 100-meter 
sprint and handball throwing performance were calculated from 66 and 49 male subsamples, 
respectively. <Table 2> depicts the correlations among the variables for each physical perfor-
mance. All the variables constituting physical and anthropometric characteristics were not 
significantly correlated with 100-meter sprint performance in males <Table 2>. However, 
there were significant positive correlations between weight and handball throwing distance(r 
= 0.328, P < 0.05), and BMI and handball throwing distance(r = 0.376, P < 0.01) in males <Table 
2>. The variables of anthropometric characteristic did not significantly correlate with hand-
ball throwing performance <Table 2>.  

Table 2. Correlations between physical and anthropometric characteristics and 100-meter sprint and handball throwing per-

formance in males. 

Variables 100-meter sprint(n=66) Handball throwing(n=49) 

Height -0.024 -0.070 

Weight 0.038 0.328* 

BMI 0.044 0.376** 

L2D -0.052 0.040 

L4D -0.090 0.149 
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R2D -0.092 0.027 

R4D -0.064 0.147 

L2D:4D 0.062 -0.135 

R2D:4D -0.008 -0.130 

Dr-l -0.147 -0.025 

Note: Values are presented as mean ± SD. BMI: Body Mass Index., L2D: Left hand second digit, L4D: Left hand fourth digit, L2D:4D: Ratio of left hand second and 

fourth digit, R2D: Right hand second digit, R4D: Right hand fourth digit, R2D:4D: Ratio of right hand second and fourth digit, Dr-l: Difference between right 

2D:4D and left 2D:4D. *p<.05, **p<.01. 

Total 35 women were participated in this study, and 34 cases of 100-meter sprint records 
were obtained. The result of handball throwing for women was excluded from this study due to 
lack of cases. Among the female subsamples, there were no significant correlations between 
the 100-meter sprint performance and either physical characteristics, left hand anthropometric 
characteristics, and Dr-l <Table 3>. There was a significant negative correlation between the 
length of right hand fourth digit and 100-meter sprint performance(r = -0.348, P < 0.05) <Table 
3>. The other variables on right hand anthropometric characteristics were not significantly cor-
related with 100-meter sprint performance <Table 3>. 

Table 3. Correlations between physical and anthropometric characteristics and 100-meter sprint performance in females. 

Variables 100-meter sprint(n=34) 

Height -0.310 

Weight 0.104 

BMI 0.338 

L2D -0.208 

L4D -0.332 

R2D -0.223 

R4D -0.348* 

L2D:4D 0.267 

R2D:4D 0.251 

Dr-l -0.027 

Note: Values are presented as mean ± SD. BMI: Body Mass Index., L2D: Left hand second digit, L4D: Left hand fourth digit, L2D:4D: Ratio of left hand second and 

fourth digit, R2D: Right hand second digit, R4D: Right hand fourth digit, R2D:4D: Ratio of right hand second and fourth digit, Dr-l: Difference between right 

2D:4D and left 2D:4D. *p<.05. 

 

4. Discussion 

In the current study, it was found that males have longer the second and fourth fingers of 
both hands and have lower 2D:4D values than those of females, and the 2D:4D ratios of both 
hands were not correlated with the 100-meter sprint and handball throwing performance in 
both sexes. In addition, in the correlations between the 100-meter sprint performance and 
physical and anthropometric variables, a significant correlation was found only in females, and 
the length of fourth finger showed a significant negative correlation with the 100-meter running 
time. 

Hox genes are known to influence on the formation of gonads and the differentiation of the 
fingers and to control the growth of skeleton and the development of testes or ovaries, which 
are ultimately responsible for sex differences[18][19][20]. Both men and women are subject to 
relative effects of male or female hormones in their mother’s intrauterine environment. Scien-
tific studies have shown that the female 2D:4D ratio is significantly higher compared to male 
embryos, and low 2D:4D ratio may be correlate with high prenatal testosterone and low prena-
tal estrogen concentration[2][21]. In addition, Zheng and Cohn(2011) found the developmental 
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mechanism underlying sexually dimorphic 2D:4D ratio through a mouse model research[17]. 
They found that the activity of androgen receptor(AR) and estrogen receptor α(ER-α) is higher 
in digit 4 than in digit 2 in both sexes, and inactivation of AR causes a higher 2D:4D ratio, 
whereas inactivation ER-α lead to a lower 2D:4D ratio[17]. In most reported studies, males 
tend to have a lower 2D:4D ratio compared to females[10][22][23], and these results are also 
consistent with those of the current study. 

Another noteworthy result found in the Zheng and Cohn’s study is that the 2D length in-
dex(digit length/tibia length) was not affected by a high androgen levels or ER antagonist in 
females and by a high estradiol or AR antagonist in males, respectively[17]. By contrast, the 
female 4D length index was increased by androgen enhancing or ER antagonist treatment, 
and in males, it was decreased by estradiol or AR antagonist treatment[17]. These results 
suggest that the fourth finger plays a crucial role in the determination of 2D:4D ratio in both 
sexes, and this result supports the significant correlation result between the women’s 100-
meter performance and the length of fourth digit found in the current study. 

Such as muscle fiber hypertrophy, increased strength, an increase in hematocrit, and 
power, various factors related to excellence in exercise performance are influenced by tes-
tosterone[24][25][26][27]. Therefore, increased prenatal testosterone exposure may be an 
essential precursor for the success in some sport activities, and it has been suggested that 
the 2D:4D ratio is a biomarker that determines exercise potential[13]. In fact, many studies 
have reported that the digit ratio has a significant correlation with exercise performance, 
physical fitness level, and successful achievement in several sports[10][23][28][29].  

However, in the present study, the 2D:4D ratios measured from both hands were not cor-
related with the speed and power performance in both sexes. This discrepancy between the 
results of the previous study and the current study seems to be related to the subject's de-
velopmental stage, the subject's expertise in physical activity, and the homogeneity of the 
subject’s population. In particular, the difference in the 2D:4D ratio was noticeable between 
nonathletes and elite athletes. Hsu et al.(2015) compared the 2D:4D ratio of tennis athletes 
and nonathletes, and they found that the digit ratio of elite tennis athlete group was signifi-
cantly lower than those of nonathlete group in both males and females [23]. This phenome-
non was also observed between elite Greco-Roman wrestlers and nonathlete[30]. In addition 
to comparisons between athletes and nonathletes, the 2D:4D ratio of prepubertal children 
who are relatively less affected by sex hormones was found to be significantly related to some 
athletic performance[7][31]. Lastly, the homogeneity of a group can be considered as a factor 
that can affect the relationship between the digit ratio and exercise performance. In a study 
performed by Gallup, White, and Gallup(2007), who studied the relationship between the 
digit ratio and handgrip strength and sexual behavior from male and female nonathlete col-
lege students, the digit ratio of both hands was not related with the handgrip strength per-
formance[32]. Also, in a recent study with adolescent well-trained swimmers, the 2D:4D ratio 
had no correlation with swimming performance[33], and a similar result was reported in fe-
male young adult rowers[10]. All of these results suggest that the higher the homogeneous 
group, the higher the probability that the digit ratio does not correlate with exercise perfor-
mance. 

As another major finding of the present study, male handball throwing performance was 
not correlated with all anthropometric variables, but was significantly  positively correlated 
with body weight and BMI, respectively. These results indicate that the higher the weight or 
BMI, the better the handball throwing performance. As a recent study similar to the results 
of the current study, Ozen, Atar, and Koc(2019) reported a significant negative correlation 
between swimming records(50m, 100m, 200m, 400m) and BMI in adolescent swimmers[33]. 
It was suggested that high BMI levels reflect low testosterone levels with a result of a positive 
association between the digit ratio and BMI in males[34]. Indeed, Jensen et al.(2004) showed 
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a negative association between BMI and testosterone levels from the data of 1,558 male sub-
jects[35]. However, a significant decrease in testosterone levels was only observed in the high 
BMI group(BMI > 25kg/m2) in this study[36]. In addition, Dongen(2009)[36] reported a signifi-
cant negative correlation between the digit ratio and BMI in nonathlete males(age of 22.6±2.66) 
with higher sample size than Fink, Neave, and Manning(2003)[34], and there was an indirect 
relationship(but not significant) between the digit ratio and body mass in a study of Jurinae et 
al.(2008)[22]. In the current study, the 2D:4D ratios were not correlated with BMI(left 2D:4D: r 
= 0.206, P = 0.097, right 2D:4D: r = 0.140, P = 0.263). Above all, since BMI is a relative measure 
of body weight to height, high muscle mass or body fat can all contribute to a high BMI, and 
BMI is particularly inaccurate for people who are very fit or athletic [40]. Thus, it seems more 
desirable to compare it with detailed body components such as muscle mass and body fat rather 
than BMI. 

In conclusion, the result of this investigation revealed no relationship between the 2D:4D 
ratio and the speed and power-related performance in males and females. In this respect, this 
result suggests that the digit ratio is not a major parameter in predicting exercise potential in 
the nonathlete young adults, regardless of gender. However, in the current investigation, it was 
also found that there was a positive relationship between female speed performance and their 
digit length, and male power performance and the body weight and BMI, respectively. Thus, 
these results also suggest that more research will be required to gain insight into which other 
factors that can affect exercise potential in the population that is similarly affected by prenatal 
sex hormone, as well and how these factors could potentially relate with expected associations 
with digit ratios. 
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